The aim of the present study is to simulate the interaction between the solar wind and the Hermean magnetosphere. We use the MHD code PLUTO in spherical coordinates with an axisymmetric multipolar expansion of the Hermean magnetic field, to perform a set of simulations with different interplanetary magnetic field orientations and intensities. We fix the hydrodynamic parameters of the solar wind to study the distortions driven by the interplanetary magnetic field in the topology of the Hermean magnetosphere, leading to variations of the mass and energy deposition distributions, the integrated mass deposition, the oval aperture, the area covered by open magnetic field lines and the regions of efficient particle sputtering on the planet surface. The simulations show a correlation between the reconnection regions and the local maxima of plasma inflow and energy deposition on the planet surface.
Introduction
First measurements of MARINER 10 magnetometer identified a dipolar moment of the Hermean magnetic field of 195nT * R 3 M (R M Mercury's radius) [1] , as well as a relative small proportion between the intensity of the interplane-tary magnetic field (IMF) and the Hermean magnetic field α = B sw //B M [2] .
Further refined observations during thousands of MESSENGER orbits lead to model the Hermean magnetic field as a multipolar expansion [3] . The IMF intensity oscillates between a range of few nT and almost 60 nT during coronal mass ejections (CME) [4, 5] , together with IMF orientations that can depart from the Parker Spiral [6] , which entails a rich variety of Hermean magnetosphere configurations [7, 8] .
Observational studies measured the temporal and latitudinal variability of charged particles precipitation on the Hermean surface [9, 10] , the magnetosheath depletion [11, 12] , the plasma injection and transport in the inner magnetosphere, as well as the evolution of the Hermean magnetic field topology for different solar wind (SW) and IMF configurations [13] .
The interaction of the SW and the Hermean magnetosphere was studied using different numerical frameworks, for example, single fluid MHD models [14, 15, 16] , multifluid MHD models [17, 18] and hybrid models [19, 20] . The simulations results show an enhancement or a weakening of the Hermean magnetic field according to the IMF orientation [7, 21, 22] , that imply distortions in the Hermean magnetosphere topology and in the plasma flows towards the planet surface [23, 24, 25, 26, 27] . Previous studies are limited to specific SW and IMF configurations, so a parametric analysis is required to fully assess the effect of the IMF orientation and intensity on the Hermean magnetosphere.
The aim of present study is to analyze the effect of the IMF orientation and intensity on the Hermean magnetosphere topology. We identify the role of the reconnection regions in the SW injection into the inner magnetosphere, the mass and energy deposition, the oval angle aperture and the regions of efficient particle sputtering on the planet surface. We perform a set of simulations which IMF is oriented in three possible directions: a Sun-Mercury direction, a direction parallel to the planet magnetic axis and a direction parallel to the planet orbit plane (perpendicular to the other orientations). In addition, the IMF intensity can take the values 10, 20 and 30 nT. The hydrodynamic SW parameters in the simulations are obtained from the numerical model ENLIL + GONG WSA + Cone SWRC during the MESSSENGER orbit of the date 2011/10/10 [28] . We identify the reference case of the analysis with a configuration without IMF.
Present study is a complement and extension of past author's communications devoted to analyze the correlation between reconnection regions in the Hermean magnetosphere and local inflow maxima on the planet surface, emulating the IMF and SW conditions during several MESSENGER orbits [29] . We also studied the properties of plasma streams originated in the magnetosheath [30] and the effect of the SW hydrodynamic parameters on the plasma precipitation towards the Hermean surface [31] .
We use the MHD version of the single fluid code PLUTO in spherical 3D
coordinates [32] . The Northward displacement of the Hermean magnetic field is represented by an axisymmetric multipolar expansion [33] . This paper is structured as follows. Section II, a description of the numerical model, boundary and initial conditions. Section III, a parametric study for several IMF configurations, to analyze the effect of the IMF orientation and intensity on the Hermean magnetic field topology and plasma flows towards the planet surface. Section IV, conclusions and discussion.
Numerical model
We use the MHD version of the open source code PLUTO in spherical coordinates to simulate a single fluid polytropic plasma in the non resistive and inviscid limit [32] .
The conservative form of the equations are integrated using a Harten, Lax, Van Leer approximate Riemann solver (hll) associated with a diffusive limiter (minmod). The divergence of the magnetic field is ensured by a mixed hyperbolic/parabolic divergence cleaning technique [34] .
The models grid points are: 196 radial points, 48 in the polar angle θ and 96 in the azimuthal angle φ (the grid poles correspond to the magnetic poles). We use a multipolar expansion of the planet magnetic field assuming an axisymmetric model. The magnetic potential Ψ is expanded in dipolar, quadrupolar, octupolar and hexadecapolar terms [33] :
The current free magnetic field is B M = −∇Ψ. r is the distance to the planet center, θ the polar angle and P l (x) the Legendre polynomials. The simulation frame is such that the z-axis is given by the planetary magnetic axis pointing to the magnetic North pole and the Sun is located in the XZ plane with x sun > 0. y-axis completes the right-handed system.
The simulation domain is confined within two spherical shells centred on the planet, representing the inner and outer boundaries of the system. The shells are at 0.6R M and 12R M . Between the inner shell and the planet surface (at radius unity in the domain) there is a "soft coupling region" where special conditions apply. The outer boundary is divided in two regions, upstream part where solar wind parameters are fixed and downstream part where we consider null derivative condition ∂ ∂r = 0 for all fields ( ∇ · B = 0 condition is not violated because at 12R M the IMF is dominant and constant). At the inner boundary the value of the intrinsic magnetic field of Mercury is specified. In the soft coupling region the velocity is smoothly reduced to zero when approaching the inner boundary, setting magnetic and velocity fields parallel. Density is adjusted to keep Alfven velocity constant v A = B/ √ µ 0 ρ = 25 km/s with ρ = nm p the mass density, n the particle number, m p the proton mass and µ 0 the vacuum magnetic permeability. In the initial conditions we define a paraboloid on the night side with the vertex at the center of the planet, defined as r < 1.5 −
, where the velocity is null and the density is two orders smaller compared to the solar wind. IMF is cut off at
The solar wind parameters of the simulations are summarized in Table 2 .
We assume fully ionized proton-electron plasma. The sound speed is defined 
Hermean magnetic field topology
First, we analyze the effect of the IMF orientation on the Hermean magnetic field topology and global structures of the magnetosphere. 
Plasma flows toward the planet surface
After analyzing the perturbations driven in the Hermean magnetosphere topology by different IMF orientations and intensities, in this section we describe the ulterior consequences in the flows towards Mercury's surface. Figure 8 shows the evolution of the density, temperature, magnetic and velocity field (module and components) along the plasma stream, from the magnetosheath (on the left side of the graphs) to the planet surface (on the right side of the graphs).
We perform the study for the same simulations than compared to the reference case, so the mass deposition it is bigger too. Table 3 shows the integrated mass deposition at the North and South Hemisphere. Figure 10 shows the mass deposition distribution in the reference case [23] , flowing down into the cusp from the magnetosheath and lost to surface precipitation [36] , results compatible with present study. Temporal and latitudinal variability of charged particles precipitation is also reproduced in models with different IMF orientation and intensity [10] .
Periods of stable northward IMF without plasma depletion are identified in the simulation set as the models of lowest plasma precipitation on the planet surface [12] , Periods of southward IMF, characterized by large flux transfer events in the magnetosheath, are identified as the models of largest plasma precipitation, intense magnetosheath plasma depletion and the strongest particle sputtering on the planet surface [13, 37] . The plasma depletion layer is not resolved as a decoupled global structure from the magnetosheath due to a lack of model resolution, although simulations and observations share similar features in between the magnetosheath and magnetopause. The magnetic diffusion of the model is several orders of magnitude larger than the real plasma, so the reconnection between interplanetary and Hermean magnetic field is instantaneous (no magnetic pile-up on the planet dayside) and stronger (enhanced erosion of the magnetic field of Mercury), although the essential role of the reconnection region in the depletion of the magnetosheath and the injection of plasma into the inner magnetosphere is reproduced.
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